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Description 

[0001J Tttsirwentionrelatestoadiffra^ 

by a light source, generates one or more diffraction effects which are observable from particular ranges of viewing 
angles around the device. The device may be used in a number of different applications, and It has particular applicability 
m n nl ant t for9ery SeCUrity devlce on banknotes, credit cards, cheques, share certificates and other similar documents. 
[D002J Several different types of diffractive devices which, when ilSumfrrated, generate drffractive images, are known. 
tartfeThtypes of dtffractive devices, such as that disclosed in Australian Patent Appifcattorr T9576783. typically used 
parallel straight line gratings with fixed spatial frequency. A different early type of diffractive device is disclosed in 
European Patent Application EP-A-240-262. This consisted of a "white grating canvas" which could be made to carry 
a diffractive coloured image by blocking out or printing over selected portions of the surface. 
[0O03J In January 1 988, an Australian ten dollar banknote was released featuring a diffractive image of Captain Cook. 
The diffractive grating used in the Image was for the most part comprised of substantially continuous lines, and the 
shapes and configurations of the lines were determined according to optical catastrophe theory in order to generate 
fine detail In the diffractive image observed. 

[0004] International patent application PGT/AUS0/083SS, the contents of which are incorporated herein by reference, 
discloses an alternative method for generating an optical diffraction image. In this case, the diffractive device is divided 
into a large number of small diffraction grating structures, each of which diffracts a beam of Bght which acts as a pixel 
with the pixels combining to form an overall Image. According to preferred aspects of the arrangement disclosed, the 
respective diffraction grating of each pixel comprises a plurality of reflective or transmissive grooves or lines, which are 
usually curved across the pixel. Groove or fine curvature determines both tocal image intensity (eg. shading) and local 
opttcal structure stability. Groove or line spacing in each pixel grating determines local colour properties, with non- 
pnmary colours generated by a pixel mixing. Average groove orfi ne orientation determines movement or colour effects 
The overall surface structure of each pixel grating is selected from a palette of different grating types having a limited 
number of distinct values of average curvature and average spacing. 
[0005] ■Ana**ntofleofltau^ofplxd 

than one diffraction Image. European Patent Application EP-A 497 292 and Australian Patent Application 53729/90 
provide examples of this. Some of the gratings can have drffractive surfaces with particular line sparingand orientation 
charactensbcs which contribute to the generation of an image viewable from a particular range of viewing angles, and 
otter gratings have different surface characteristics contiibuSrtg to the generation of a different Image viewable from > 
mn«« ant ran96 ° f vl8W,ng angl8S ™ s result >s much more difficult to achieve in a continuous grating dlffractivetfevice. 
• [0006] Another advantage of a pixel graBng diffractive device Is that it allows stcrag^ of picture lnfwmation In a digital 
format. However, a predetermined surface area on the drffractive device must be set aside for each pixel, and this is 
not the most efficient way of storing picture information in a limited space. Accordingly, there is scope fora moreefffeient 
manrer of storing picture information in a drffraction graBng. y ....... 4 . «..;.., 

[0007] Moreover, In a pixel grating diffractive device, there arKTrwvttable discontinuities between ad/acent; gratings. 
Diffraction effects occur in these discontinuities. It Is norrnalty ppssible to ensure these extraneous diffraction reflects 
-^^j^ !i * i^ve device, but ttoextaneoosdBfraotion 

effects are still detectable. It is desirable to reduce the extraneous diffraction effects. 

S J^',? 3 *° ^ Pri0f artl UW8 15 provWed a dBft ^4evlce having a surface relief structure which, when 
illuminated by a fight source, generates two or more drfTractton Wages which are observable from different ranges of 
viewing angles around the device, wherein at least part of the-£urfaoe relief structure is arranged in a series of tracks, 
each track being less than 0.25mm in width and greater than O.Smm in length and having a diffracting surface relief 
structure compnsed of individual structure elements, the surface relief structure being substantially discontinuous be- 
^enadjoining tracks but continuous within each track, Wh rein "continuous- means that there are no substantia, 
qmerences between adjacent individual structure elements irV terms of orientation curvature and spacing, and wherein 
the surface relief structure of each track generates a cwnpoherit of a diffraction image, such that a first groupof the . 
tracks generate one of the diffraction images, and a second group of tracks interspersed with the first group generate : 
a second diffraction image. 

[0009] According to the present invention, there is provide a .Jrffracbve device as defined in claim 1 
nT 1 T^T * anY SUltable ShapS ' Si2e and co "fl'gyration: the individual tracks have a length greaterthan 

0.5mm. A width of 0.2Smm represents approximately the limit of resolution of the human eye when viewing a diffraclive 
device from close quarters, so that a track having a width of less than D.25mm is unlikely to be separately discernible 
to the human eye. -,• . 

^1,11, T Y ^ h a " y SUiteb,e eonfi 9 urabon l« one preferred arrangement, the tracks are straight and 

parallel, in sKle-by-s,de configuration. In an altematwe arrangement, the tracks may form arcs of concentric circles. In 
other arrangements, the tracks may be In the shape of curving fines 

£0012] in one arrangement in which two diffraction effects or images are generated, every second track contributes 
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to one effect or image and every other track contributes to the other effect or image. It is not essential that ad tracks 
be of the same width, but that is a preferred feature, it Is not essentia! that the tracks for the two effects or images be 
arranged alternately: they may occur In any order. There may be more than two types of tracks, which may be associated 
with more than two effects or images. 

(0013] In one preferred arrangement, the diffracting surface of each track comprises a series of lines or grooves 
which extend across the width of the track, As an alternative to lines or grooves, it is possible to use circles, polygons 
and other shapes which are capable of providing the required diffraction effects. In another preferred arrangement, the 

- - Ai H^IUAnMiv^ekona^ it\A AJStaMrtnC 



diffracting surface compnses a pattern or paraneiogram-snapea inaeniaoons.. 
[0014} In another preferred arrangement, the diffracting surface of each track comprises a series of lines or grooves 
which extend in a generally lengthwise direction along the track. Such lines or grooves may be straight or curved, and 
in one arrangement they may be undulating periodically In a sinusoidal configuration. The lines or grooves may be 
short and discrete, or they may be substantially continuous throughout the length of the track. 
[0015] In an especially preferred arrangement, the surface relief structure may include tracks having crosswise 
grooves or parallelogram patterns interspersed with tracks having lengthwise grooves or parallelogram patterns, such 
that diffraction effects from one set of tracks are observable when the diffractive device is viewed in the direction of 
the tracks, and diffraction effects from another set of tracks are observable when the diffractive device is viewed per- 
pendicular to the direction of the tracks. 

[00161 In some arrangements, the orientation and spacing of the diffracting lines or other shapes ort the surface of 
each track may vary continuously in terms of orientation, curvature and/or spacing along the track, the variations in 
orientation, curvature and/or spariing being the means by which image Information is encoded into the tracks. 
[0017] As an optional refinement, one of the images generated by the diffracting tracks may be a uniform or blank 
image which can be encoded with image information by the physical destructionor modification of regions of diffracting 
: ' surface on selected tracks to produce corresfic^rig diffusely reflet^g reglore, 

1001 81 The invention will hereinafter be described In greater detail by reference to the attached drawings which show 
art example form of the invention. It is to be understood that the particularity of the drawings does notsuperserte the 
generality of the preceding description of the Invention. .-■■-■<■.■ 
10019] Figure 1 is a schematic representation of a region of a surface relief structure on a diffractive device according 
to one example useful for understanding the invention. 

[0020J Figure 2 is a schematic representation of parts of the surface relief structure of Figure 1 . 

[0021J Figure 3 is a schematic representation of other parts of the surface;relief structure of Figure 1. 

[0022] Figure 4 is a more detailed schematic representation of twd parts of. tracks used in a diffractive device ac- 

■ cording to an embodiment oftfiepresent invention. • . ' ' 

[00231 Figure 5 Is a detailed schematic representation of a part of two adjacent tracks In an alternative embodiment 
of the invention. ■•..."•":■'■'■■■'»' . 

[0024] . Figure 6 shows a Schematic, representation of a part of a tr&cte accprdlrig to another embodiment of the in- 
vention, ' . ■ • \ 

C ■ [0025J Figure 7 shows a schematic representation of a part of two adjacent tracks according to an. embodiment of 



[0026] Figure 8 shows a computer-generated detailed representation of & section of two adjacent tracks according 
to an embodiment of the type shown in Figure 4. . -V" 

[0027] Figure 9 shows a cbmputer^generated detailed representation of aregion of surface reBef diffractive structure 
showing several tracks according to an embodiment of the type shown in Figure 5. - ■ 

[00281 Figure lOisacbmputer^generateaaete 
embodiment of me Invention. ' '■' 

[0029] Figure 11 is a compiiter-generated detailed representation of part of two adjacent tracks afiwrding to another 
embodiment of the invention. 

[003*1 Referring firstly to Figure 1. part 1 of the surface relief structure is arranged in a series of tracks 2, each track 
having a diffracting surface 3 which generates a component of a diffraction image. In the examplejlustrated, two 
separata images are generated, one by lefthand side tracks 4, and oneby right hand side tracks 5. The two diffractiqn 
images are formed from image components generated by individual tracks 4 end individual tracks 5 respectively. 
[0031] Eachof tracks 2 may be of any suitable length. It is preferred that each track be greater than QSrnm in length, 
and for the sake of convenience, It is preferred that each track extend throughout the length of the diffractive device, 
although there is no requirement that this be the case. In the example illustrated, each of tracks 2 is straight and 
arranged in parallel side-by-side configuration. In alternative examples, the tracks may be arranged in concentricarqles 
: or sections of concentric aretes, or in many omer curved arrangernents. 
[0032] Each of tracks 2 may be of any suitable width. It Is preferred that the tracks be sufficiently narrow to be not 
noticeable to the naked human eye; The limit of resolution of a normal human eye examining a diffractive device at 
dosequartersisabout0.25mrn. Accordingly, tracks having a width of less than this amount are unlikely b>M separately 
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discernible to lha human eye. 

[0033] As stated previously, discontinuities around the borders of individual pixels in pixellated diffracting devices 
result in incidental diffractive effects. The extent of such incidental effects Is diminished by the use of tracks according 
to the present Invention in that discontinuities along the length of the track can be avoided, although discontinuities 

5 are still present along the sides of each track. 

[0034J " is preferred although not essential that each of tracks 2 be of the same width. If each track has the same 
width, the encoding of diffraction image data in the diffracting surface of each track Is a simpler operation. However, 
in situations where it is desired that the diffractive device generate multiple diffraction images, it may be desired that 
one such diffraction Image be brighter than another, and one way of achieving such an effect Is to devote wider tracks 

10 to the generation of the bright image and narrower tracks to the generation of the duH Image. 

[0035] in the example illustrated In Figure 1. tracks 2 are arranged substantially in side-by-slde configuration. How- 
ever, it is not essential that each track abut the next track, and a channel of any desired width may be (eft between 
adjacent tracks. It is sometimes advantageous to leave a small channel of about 4 micron in width between adjoining 
tracks to act as an air ventilation route during production of the dfffraciive device. Diffractive devices of the type herein 

« described are typically manufactured by an embossing process, and it has been found that more satisfactory results 
are achieved if air ventilation can occur. 

[0036] The diffracting surface on each of tracks 2 may have any suitable diffractive surface relief structure. In the 
example illustrated in Figures 1 to 3, the surface relief structure comprises a series of curved or straight lines or grooves 
which extend across the width of the track. It is not essential that lines be used, and other suitable diffractive shapes 

20 include circles and polygons. In one suitable arrangement, the surface relief structure of a track may consist of variably 
shaped polygon structures having dimensions less than 1 micron positioned along and across each track in such a 
way as to encode the diffraction image information and drrfractiveiy regenerate it In another example, the surface relief 
structure of a track may consist of numerous diffracting dots of sizes less than 0.25 micron, such that the diffraction . 
Image information is encoded in the spacing and drstributjon of the dots. 

2« [0037J Figure 4 illustrates in more detail portions of two tracks, each consisting a cornplex ger^lized diffraction 
grating structure having grooves which vary continuously in terms of spacing, orientation and curvature along the length 
of the track. The variations in groove .spacing, curvature and orientation are the means by which the diffraction Image 
information is encoded in the tracks. In preferred arrangements, the variations in groove spacing, angle and curvature 
can be described by mathematical functions of two variables whose Hessian of second derivatives with respect to the 

30 two variables Is non-vanishing except alotgcertjmcnaracferisticl^ 

[0038] One particular example of a suitable track grating function is given by the following expression: 



Y - ( a -2x(1 .25P))2- j_JL_) cos (2nX)cos(2nta-2«(T.25p)J2) (1) 



Z is the track groove index p; 
a = a(Y) along .theleng^ of the track; •• - 

p = P(Y) along the length of the track; ^ .[-.l 

a is a preset variable which determines toe local carrier wave frequency of the track and therefore determines.thef 
local hne density of the track and the colour of the lm^ component generated by the track. Typically, 0.8 < 
8 is a parameter which is set rjropoilional to the-local Intensity of the colour of the track and determines the structural 
stability of the track. It is this parameter that is used to tune the image characteristics of the diffractive device 
Typically, OsBs 0.056; ....... : • , 

the number ranges of the local co-ordinates XandY.is given by 0 <; X S 0,2 and 0.2 <, Y <; 0.6 for a left hand channel 
track, and 0.6 <; X £ 0.8 and 0.2 5 Y.Sfl.6 for a right hand channel track; and 

the Hessian of the track grating is ton-vanishing except along certain characteristic lines of the grating plane which, 
under gradient fransfcfrraSons. map to Br.es of singularity (caustics) in diffraction space. The Hessian. HfX.Y) of 
2(X.Y) is a standard complex derivative given by: 



d 2 Z(X,7) jd% 

by 1 m 



H(X,Y) . d * z &j) tf'ZjXj) [ d^jXJ ) 
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[0039] Figure 4 shows two track segments having track grating functions of the type described in Equation (1) above. 
A single track may be comprised of several such segments linked end to end, each segment being of fixed or variable 
length. In arrangements where each track segment Is of fixed length, It is preferred that each segment form a "period" 
in a "carrier wave" encoded into the track, with diffraction image information being encoded Into each period by means 

5 of variation ingroove spacing and curvature. The track segments illustrated in Figure 4 have a width of about 15 micron 
and a length of about 30 micron, although they can be scaled up or down In size as required. 
[0040J Figure 8 is a computer-generated representation of a section of a pair of adjacent tracks, labelled 14 (left 
hand track) 1 5 (right hand track)chanrtet. The track sections illustrated form part of a larger structure containing several 
left hand tracks interspersed between several right hand tracks. The left hand tracks, when illuminated, generate one 

10 or more diffraction images observable from particular positions around the drffracBve device, and the right hand tracks 
generate images observable from different positions. The track portions illustrated are each about 15 micron in width 
and 60 micron in length. 

[0041] As will be seen from close examination of Figure 8, each curved groove extending across the track is for the 
sake of convenience composed of eight segments 18, each of which is a parallelogram in shape. Each parallelogram 
« indentation 1 8 is approximately two microns wide. Although most parallelograms 18 match up with neighbouring par- 
allelograms to form curved grooves extending across the track, some add density to particular parts of the track surface 
without Joining up with any neighbours. 

[0042] The concept of dividing each groove into eight parallelograms 18 is taken a step further in the embodiment 
shown in Figure 1 0. In this embodiment, the track surface is comprised entirely of parallelogram-shaped indentations. 
20 The dark portions represent troughs, whereas the tight portions represent crests. Some parallelograms match up with . 
their neighbours to form grooves, but this Is incidental rather than Intentional as Iri the embodiment of Figure 8. In any 
line across one of the tracks in the embodiment of Figure 10, all parallelograms have the same angular orientation; 
whereas such orientation varies considerably In the embodiment of Figure 8; 

[0043] The patterns shown in both Figure 8 and Figure 10 are used to generate pixels In the image planes.Each of 
25 the left-hand 14 and right-hand tracks 1 5 In each case includes two segments (16,17), the top half 17 being onesegment 
and the bottom half 16 being another. 'Each segment generates one pixel. The patterns shown are used to generate 
pixels having one of sixteen different grayscale values. Segments wim flatter 1iries]3roduce darker pixels in the image 
plane, and segments with steeper lines (more sharply angled parallelograms) produce lighter pixels. A large number 
' of back segmehrifrom different traces <an thus be 'used to generate a-corriptete rrhage ; 'with sixteen grayscales;- 
30 J0044]' In addition to the 16 different type's bf grayscale segments, the "palette" of different track segment types in a 
preferred arrangement includes indifferent, colour effects segments. The feft hand track 14 in Figure 11 contains.two 
colour effects segments (16,17). In the embodiment illustrated, colour efforts segments are created using straight 
grooves' which cross the track at right angles, with varying spatial frequencies! The right hand track 15 in Figure 11 
contains two more colour effects segments, but with grooves aligned with the track to tYeate "90°: effects 1 ;, T that, is, 
3S dlffractJve effects which are visible at positions 90° around from where the left hand track dfffracUve effects are Visible. 
i" MS] ' pr>c » olrwh t,Df f i i "M ob^.med when the coio-ri appear In rr.sva dtong a oaii id iht 
image plane when the diffractrve device is fi tted about an axis in Its plane. Sod-, effects can be obtained by sequential 
positioning of colour effects track segment types, with average spatial frequency increasing or decreasing along the 
sequence. '"' ' ' '""'.' 

40 [0046] It is preferred that the colour effects track segments be modulated So that image components;generated by 
those segments are observable over broader ranges of angles than they would have been if their diffracting surfaces 
were unmodulated. A suitable general modulation function is given by: ' - ■ ■' . 

y = ma + pF(Q^) « = ■■■;., W. <■ : 

where B is a modulation factor; a is the average diffraction structure spacing; Q is the number of cycles of mod- 
ulation; M is the total number of grooves or equivalent diffraction structures within the track segment; m is the groove 
Index parameter (m = 1 to N); and F is sin or cos or another harmonic or quadratic function, 
so t0047] The spatial frequency of the" vertical grooves of the right hand track in figure- 11 is the same at the top and 
bottom of each segment, and changes through several steps to a characteristic frequency in the centra- 1 9 of each 
segment 

[0048] The right hand track 15 In Figure 10 has a different average spacial frequency from the left hand track 14 in 
order to reduce the. Bkellhopd of Interference between the two different images which are to be generated: Moreover, 
55 are parallelograms 18 in the left and right tracks have opposing angular orientations; . 

[0049]' Track surface patterns of the types illustrated in Figures 8. 10and 11 are typically created usihg an electron 
beam. A 30 micron by 30 micron surface area is typically divided into a grid of 1024 by 1024 units. This grid Is then 
used to define the start and end points of each parallelogram. In the embodiments shown in Figures 8, 1 0 and' 11, one 
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id area covers one track segment (3D micron long) In eachoftwo adjacent tracks ( 1 5 micron wide each). An algorithm, 
itten in BASIC programming language, for generating the left hand track in Figure 10 is given by: 

J1M&=JOM&+INT((45-3 , (JJ-11)) , ABS(SIN(1.570fl*aU512)) 

* . ABS(256-XINC)/1024) A 1.5 

J1P&=JOP&+)IMT((45-3*(JJ-11))'ABS{SIN(l.S70a*|jLU512)) 

* ABS(256-XINC)/1024)*1.5 



JIP is the top right corner 
JIM Is the bottom right corner 

JJ is the number representing the type of grayscale element (JJ is between 11 and 26, giving 16 different types) 
XIMC = 64 (i.e. the width of the parallelogram, in grid positions) 
LLL is a vertical index. 

[0050J A similar algorithm applies for the right hand track in Rgure 1 0. 

10051] The diffracting tracks illustrated m Figures 8, 10 and Tl contain digitally encoded image infbrmaiion. That is, 
tracks are divided into segments of a predetermined size, and a portion of image information (usually corresponding 
with a single pixel in the image plane) is stored in each segment It Is not however necessary that tracks be divided 
into regular segments. Instead, the diffractive surfaces may vary continuously but Irregularly in terms of diffraclive 
structure spacing, curvature and orientation, so that image information can be stored in an analogue format rather than 
a digital format. In such an arrangement, the image in the Image plane may be comprised of a group of Ikies (each 
line corresponding to a track) rather than a group of discrete pixels (each pixel corresponding to one or more track 
. ..segments). 

10052] One or more of the diffracting tracks may contain diffusely reflecting regions (consisting of randomly spaced 
grooves) and/or specularly reflecting regions in between diffracting regions. Diffusely reflecting regions may be used 
to encode auxiliary information not found m the diffraction image. Specularly reflecting regions may be used to enhance 
the contrast properties of the diffracted image, 

[0053] One or more diffracSon images Which are generated by the diffracting tracks may consist of abstract colour 
- patterns which create variable colour effects which move along the tracks when the device Is moved relative to the 
light source and the observer. In particular, the movement effect may be generated when the device is rotated about 
• an axis in its own plane. V.. 

[0054] It is preferred that the diffracting tracks generate two or more, diffraction Images which are observable from 
different ranges of viewing angles around the diffractive device, with some of the diffracting tracks being devoted to 
producing each of the diffraction images. In the example illustrated in Figures 1, 2 and 3, left hand tracks 4 are devoted 
to generating a first diffraction image which is observable from a first range of viewing angles around ttie diffraclive 
device, and right hand side tracks 5 are devoted to generating a second diffraction image which is observable from a 
second range of viewing angles around the drffractlve device As illustrated in Rgure 1 , the tracks are in an alternating 
nght-teft-righ.t-left configuration; however, this Is not necessary and the tracks maybe arranged in any order, such as 
rightrtght-teft-right-left-laft . 
[0055] Figure 5 shows sections of two tracks according to another embodiment of the Invention. Left hand track 6 
has grooves extending across the width of the track, generating diffractive images which can be observed from a 
direction generally along the length of the track. Right hand track 7 consists of a plurality of Island regions 8 surrounded 
by flat regions 9. Island regions 8 have grooves extending lengthwise along the track, gerteratirig diffractive images 
which can be observed from a direction generally perpendicular to the length of the track. A particular advantage of 
the arrangement illustrated in Figure 5 is that diffraction Images are generated both In the direction of the length of the 
tracks and in the perpendicular direction, so that the diffractive effects of the diffractive device are more readily ob- 
servable. 

[0056] Flat regions 9 are optional, but they provide certain advantages. As previously Indicated, diffractive devices 
of the type described aretypicaBy created using an embossing process, and flat regions 9 actas vents forgas removal 
dunng the embossing process, resulting In a more precise finished product. Moreover, an electroplating process typ- 
ically follows the embossing process, and flat regions 9 enable more accurate electroplating. Rat regions 9 may also 
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carry printed lines which are responsive to the scan 'rates of particular colour photocopiers so that moire interference 
lines are created on a photocopied image of the dHtractlve device. Alternatively or additionally, flat regions 9 may be 
embossed or printed with micro-writing 13 having a ; size in the order of 2 micron as shown in Figure 9. Such micro- 
writing may serve as an additional security element and may include a registration number or other identifier unique 
* to the diffractive device on which it appears, thereby enabling verification of authenticity by means of microscopic 
examination. 

[0057] Left hand track 7, islands 8 and flat regions 9 may be of any suitable dimensions. In an especially preferred 
arrangement, left hand track 7 and Island regions 8 are each about 15 micron in width, and flat regions 9 are about 4 
micron in width. 

10 [0058] In a variation on the arrangement shown in Figure 5, each island 8 may be connected to its neighbouring 
islands by means of interconnecting grooves which; may be branched, so that grooves are substantially continuous 
throughout the length of the track. 

[0059] Figure 6 shows a track 1 0 having grooves which extend substantially along the length of the track rather than 
substantially across the track as is the case in the track segments of Figure 4. The diffraction effects generated by 
is track 1 0 are substantially at right angles to those generated by a track comprised of track segments of the type shown 
in Figure 4, Track 10 essentially comprises "carrier waves", with image information being encoded into them by means 
of amplitude and groove spacing variations. 

[0060] In some embodiments, the variations In groove spacing, angle and curvature can be described by mathemat- 
' "- icaf functions of two variables whose Hessian of second derivatives with respect to the bwo varjaWes Is non-vanishing 
20 except along certain characteristic lines within each diffracting track, as previously discussed. However, this Is not an 
essential condition, and in other embodiments the Hessian of second derivatives of the grating function may be Iden- 
tical^ 

[O0S1] Figure 7 Illustrates schematically a combination of left and right tracks, 11 and 12 respectively. Left track 11 
may be any one of the types of tracks Illustrated in Figures 1, 2, 3, 4 and 8 and right track 12 is a track of the type 
25 shown in Figure 6. Several such left and right tracks may combine to form a two-channel diffractive device-Tracks 11 
• and 12 may be of any suitable Width as previously discussed, and an especially preferred width is arouhd 15-micrort. 
The arrangement illustrated in Figure 7 is particularly advantageous because the image(s) produced by left tracks 11 
'•" ' will be observable from angles approximately 90° around from where the image(s) generated by tight tracks 12 are 

observable - ' ' ^ 

30 " lff062Y ^tn one embodiment of the Invention, one or mr^eofthe images generated by the drffractivetlevice mayconslst 
of a uniform or blank image plane which can be encoded with image information by the destruction or modification rif' 
' diffracting elements at selected locations along selected diffraction tracks. This enables post-production modification 
of W diffracting device to incorporate a new diffraction image, although the resolution of the Hna,f>.*p> atmn so 
• ^ diffracting. track. A particular embodiment ciiri!-> featus e 

35 comprises a series of tracks. Along the length of each track, the diffracting surface alternates between surface portions 1 
~whVh giv* rt,e to black .rtuge components in li e rmant p ane an J surf .re part r *>-|cr qn <> rts to rJte irn <^ 
- corftpohents. In order to create a dark area in the image plane'; the "white" parts of the corresponding drft el tirifj .Jrta\ f» 
-portions are erased; whereas She "black ' surface porfons are erased to create a bright area. In this wayit is possible"' 
to encode a black-s>ro-wl«te u-t image into the tracks"." • ' '"' , . ,>.v ■ ■ 

«o ' [0063] As further enri cement," the diffracting irfaces cm some of the tracks may indude diffusely-reflectlng-- 
regions Sue U i-^gtom. do not affect the images observed in the image phase, but they give a' neutral background 
appearance to the a.tirartrve de.ict, mcCirvji the images more eastiv obstrv *i'e 

[0064] As another enhancement, some of the tracks -twv include specularly reflecting region^ Such regions are 
useful in adding contrast to tho images observed in the imago planes. . ; . 

45 " : - «••••. ■ •:«■--»-••••• '_' \. 



1. A diffractive device having a surface relief structure wfveh, when illuminated by a light source, generates two or 
so ' " 'ihorS' diffraction' images which are observable from dWerw^'ranges.of viewing angles around the device, whereih ' 
at least part of the siurfaoe relief structure is arranged in a series of tracks (11, 12). each track being less than 
0,25mm In width and greater than 0,5mm in length and having a diffracting surface relief structure comprised of 
individual structure elements (1 8), the surface relief structure being discontinuous between adjoining tracks in that 
there are substantial differences between adjacent individual structore elements In terms of orit^^ 
ss orspacing(11, 12) burtrte surface relief structure being ^cc^tihubus within each track in that them are no sutetantiaf 

differences between adjacent individual structure elements in terms of orientation curvature and spacing, and so 
that incidental diffractive effects due to discontinuities around the border of a track are diminished along the length 
of the track and wherein the surface relief structure of each track generates a component of a diffraction Image, 
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such that a first group of the tracks (11) generate one of the diffraction images, and a second group of tracks (12) 
interspersed with the first group generate a second diffraction Image, wherein each image comprises regions of 
a multiplicity of different colours and/or intensities. 

2. A drffractive device according to claim 1 wherein the tracks are straight and parallel. 

3. A drffractive device according to claim 1 wherein the tracks form areas of concentric circles. 

4. A diffractive device according to daim 1 wherein the tracks are in the shape of curving lines. 

5. A diffractive device according to any one of claims 1 to 4 wherein on some tracks (11) the dlffracfing surface 
comprises a series of grooves oriented generally across the track and on some tracks (12) the diffracting surface 
comprises a series of grooves oriented generally along the track. 

6. A drffractive device according to any one of claims 1 to 5 which includes tracks (10) which have grooves undulating 
periodically generally lengthwise of the tracks. 

7. A diffractive device according to any one of claims 1 to 6 which Includes tracks (7) whose diffracting surface com- 
pnses islands (8) encompassed wholly within other tracks <9). 

8. A diffractive device according to any one of claims 1 to .7 Including regions <13) which are embossed or printed 



9. A drffractive device according to any one of claims 1 to 8 which includes tracks (14, 15) which have diffracting 
grooves or other shapes (18) on their surfaces, varying continuously In terms of orientation, curvature and spacing 
along the track, the variations In orientation, curvature and spacing being the means by which image information 
is encoded Into the tracks. , ..... 

10. A dlffraotrve device according to any one erf daime 1 to 9 wherein an imac* rjene^^ 

or blank image which can be encoded with Image information by the physical destruction or modification of regions 
ofdlffracting surface on selected tracks to produce conesp<>rK^ regions. .... 

11. A diffracts device acw^ 

a pattern of parallelograms (18) of varying argulartrtentations, indented into the track surface. .;.;--,.■>' 

12. A drffractive device according to any one of claims 1 to 11 whsrelrr parts of the diffracting surfaces on somtftracks - 
are assigned to generating greyscale Image Information in the Image plane. . . 

13. A diffractive device according to any one of claims 1 to 12 wherein parts of the diffracting surfaces on some tracks 
are assigned to generating colour effects In the image plane. 

14. A drffractive device according to daim 13 wherein the colour effects appear to move along a path In the image 
plane when thedevice is tilted about an axis in its ownpfane. 

15. A diffractive device according to any one of claims 1 to 14 wherein image Information from an Image" generated 
by the device is encoded In an analogue manner along the length of some tracks, each track generatlng-a line of 
the Image, the lines generated by those tracks combining to form the Image. 

16. A diffractive; device according to any one of claims 1 to 15 wherein image information from an image generated 
by,the device is encoded In a dlgltat manner along theiength of some tracks, each track generating a line of the 
•mage, the hnes generated by those tracks combining to form me image. 

17. A diffractive device according to any one of claims 1 to 16 wherein some tracks Include diffusely reflecting regions. 

18. A diffractive device according to any one of claims 1 to 17 wherein some of the tracks include specularly reflecting 
regions, . .. 

19. A diffracflve device according to any one of claims 1 to ia wherein, the variations in Orientation, curvatureand 
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spacing can be described by mathematical functions of two variables in which the Hessian of second derivatives 
is non-vanishing except along certain characteristic lines within each track. 



Patantansp ruche 

1. Eine dlffraktive Vorrichtung mit einer Oberflachenreliefstruktur, die bei Beleuchtung durch eine Lichtquelle zwei 
Oder mehr Beugungsbilder erzeugt, die von unterschiedltehen Betrachtungswinkelbereichen um die Vorrichtung 
beobachtbar sind, wo bei wenlgstens ein Teit der Oberflachenreliefstruktur in einer Reihe von Bahnen (11, 12) 
angeordnet ist, wobei jede Bahn weniger als 0,25 mm breit und mehr als 0,5 mm lang ist und eine beugende 
Oberflachenreliefstruktur aufweist, die aus einzelnen Strukturelementen (18) besteht, wobei die Oberflachenreli- 
efstruktur zwlschen benachbarten Bahnen diskontinulerilch ist, Indem dori weserrtliche Unterschiede zwischen 
anelnandargrenzenden jeweiligen Struktureterrtenten hinsichtiich Orlentierung, KrOmmung Oder Beabstandung 
bestehen, aber die Oberflachenreliefstruktur innerhalb jeder Bahn kontjnuieriich ist, indem dort keine wesentlichen 
Unterschiede zwischen anelnandargrenzenden jeweiigan Strukturelementen hinsichtiich Orienflerung, KrOm- 
mung und Beabstandung bestehen und so daft zufallige Beugungseffekte aufgrund von Oiskontlnultaten urn die 
Grenze einer Bahn herum enttang der Lange der Bahn verrlngert warden, und wobei die Oberflachenreliefstruktur 
Jeder Bahn eine Komponente ewes Beugungsblldes erzeugt, so daft eine erste Gruppe der Bahnen (11) elnes der 
Beugungsbilder erzeugt und eine zweite Gruppe von Bahnen (12) mit derersten Gruppe dazwlschen eiri zweltes 
Beugungsbild erzeugt, wobei jedes Bild Gebiete mit eineT VielzaN von unterschiedlichen Farben und/oder Inten- 
sitaten umfaftt: '';/[.■ . ;■ -• :-. 

2. Eine drffraktive Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, daft die Bahnen geradlinig und parallel 
• sind. •• V •••• 

3. Eine d'iffraktive Vorrichtung nach Anspruch 1 , dadurch gekennzeichnet. daft die Bahnen Gebiete 8Us kbnzenfri- 
schen Kreiseh bilden. ^■■\-'i\.Ji'X ' 

4. Dittraktivc Vorrichtung nach Anspruch 1, dadurch c^kennzeidinei daftdie Bahnen in Gestalt von scbwoifenden 



5. Eine' diffraktive' Vorrichtung nach irgendeinem der Anspruche 1 bis 4, dadurch gekennzeichnet, daft- auf elnigen. ; 
Bahneh (11) die beugende Oberflache eine Reihe von allgemein quer.zur Bahn orientierten Kerbep ymfaSt und, > • 
auf einigeh Bahnen (1 2) die beugende Oberflache eine Reihe von allgemein enflang der Bahn orientierten KerbeH. * 
- umfaftt.. . :.• ■■ ■ ' V/V- ■ '••■■„ >* : %" j}, ■ 

9. . Eirwdlffraktive Vorrichtung nach S-gendeinem der Anspruche 1 bis 5, die Bahnen (10) enthalt, die Kerben aufwei- >. 
sen, die'altgemein in Langsrichtung der Bahnen perlodisch wellenforrnig sind. - : . - • 

7. Eirie diffraWive. Vorrichtung nach trgendeinem der Anspruche 1 bis 6, die Bahrien (7) enthalt, dercn beiigwrie 
Orjerflache Insein (8) umfaftt, die vdllstandig innerhalb anderer Bahnen (9) umfaftt sind. j , ,.i . 

8. Eine ;diffralrttye Vorrichtung nach irgendeinem der Anspruche 1 bis 7, die Gebiete (13) enthalt, die mit einer>Mikro- 
beschrfftung gepragt oder bedruckt sind. 

9. Eine diffraktive Vorrichtung nach Irgendeinem der Anspruche 1 bis 8. die Bahnen (14, 1 5) enthalt, die auf dewn 
Oberflachen beugende Kerben oder andere Gestalten (1 8) aufweiserj, die kontinulerlich hinsichtiich Ortentierung, 
KrOmmung und Beabstandung entlang der Bahn variieren. wobei die Varialionen der Orlentierung. KrOmmung und 
Beabstandung das Mlttel sind, durch das Bildinforrnation in den Behren verschlusseu ist" ••' * 

10. Eine diffraktive Vorrichtung nach irgendeinem der Anspruche 1 bis 9,'dadurch gekennzeichnet, daft ein von der 
Vorrichtung erzeugtes Bild ein gleichfdrmiges bzw. blankes BBd Ist, das durch die physikallsche Zerstorung oder 
Modrfikation von Gebieten der bBugenden Oberflache auf ausgewahlten Bahnen zum Erzeugen von entsprecnen- 



Eine diffrakrive Vorrichtung nach Irgendeinem der Anspruche 1 bis 10. dadurch gekennzeichnet daft auf einigen 
Bahnen die beugende Oberflache ein Muster aus Parallelogrammen (18) mit variierenden Winkelorientlerungen . 
umfalit, die in der Bahnoberflache verzahnt sind. 
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12. Sne diffraktive Vorrichtung nach irgendeinam der Anspriiche 1 bis 11, dadurch gekermzeichnet, daB Telle der 
beugenden Oberflachen auf einigen Bahnen zur Erzeugung von Graustufen-BildirTformalionen In der Blldebene 



13. Ene diffraktive Vorrichtung nach irgendeinem der Anspriiche 1 bis 12, dadurch gekermzeichnet, daB Teile der 
beugenden Oberflachen auf einigan Bahnen zum Erzeugen von Farbeffekten In der Bikiebene bestimmt sind. 

14. Eire diffraktive Vorrichtung nach Anspruch 13, dadurch gekermzeichnet, dafi die Farbeffekte sich entjang eines 
Weges in der Bikiebene zu bewegen scheinen, wem die Vorrichtung um eine Achse in ihrerelgenen Ebene gedreht 



15. Bne diffraktive Vorrichtung nach irgendeinem der Anspruche 1 bis 14, dadurch gekennzeichnet, daB Badirrforma- 
Bonenvonfelnemdurch die Vorrichtung erzeugten Bad in anatogerWeiseenflangderLangeeiNgerBahnenerzeugt 
werden, wobel jede Bahn eine Linie das BlWes erzeugt und die durch diese Bahnen erzeugten Linien in Kornbi- 
nation das Bild bilden. 

16. Eine diffraktive Vorrichtung nach irgendeinem der AnsptOcha 1 bis 15. dadurch gekennzeichnet, daB Bildtnforma- 
tionen von einem durch die Vorrichtung erzeugten Blld in digitaler Weise entlang der Langa einlger Bahnen erzeugt 

werden, wobei jede Bahn eine Linie des BHdes erzeugt und die durch diese Bahnen erzeugten Linien in Kombi- -*S\ 
nation das Bild bilden. 

17. Eine diffraktive Vorrichtung nach Irgendeinem der Anspruche 1 bis 1 6. dadurch gekermzeichnet. datt einige Bahnen 
diffus refiektierende GeWete einschlieSen. • 

18. Bne dlffrak«ve Vorrichtung nach irgendeinem der Anspruche 1 bis 17, dadurch gekermzeichnet dafi einige Bahnen 
spiegelnd reflekBerende Gebiete einschliefien. .. , 

19. Eine diffraktfve Vorrichtung nach Irgendeinem der Anspruche 1 bis 1 8, dadurch gekennzeichnet, daB die Variatfo- 

nen in der OnenrJerung, Krummung und Beabstendurrg durch mathematrsche Funktionen zwefer Variablen be- >i ■ 
schrieben werden kpnnen, in denen die Hessesche der zweHan Ableitungen auBer enttang gewisser charakteri- • •?•• 
. stlscherUniennichtNuBlst. 



1- O.spositrf de diffraction comportant une structure de surface en relief qui. rorsqtfelle est illumine© per une source- 
kjmmeuse. engendredeux ou ptusieurs Images de diffraction qull est possible d observer depuis des angles d'oc- ■ 
servation de plages differentes autour du dlspositif, dans lequel une parte au moins de la sbructure de surface en 
relief est agencee dans une serie de pistes (11. 12), chaque piste ayant une laigeur rnferieure a D.25 mm et une ' 
longueur supeneure a 0.5 mm, et comportant une structure de surface en relief de diffraction qui comprend des • 
dements de structure individuels (18), ladlle structure de surface en relief etant discontinue entre des pistes ad- 
Jacentes (11, 12) en ce qu'fl existe des differences substantieiles enlre des elements de structure individuels ad- 
jacents en termes d'orientatkm. de courbure ou d'espacement, mars ladite structure de surface en relief etanf 
conknue a llnterfeur de chaque piste en ce quit rfexlste pas de difference substantia antra des elements de 
structure Individuels adjacents en termes d'orientation. de courbure Bt d-espacement et de telle sorte que des 
effets de diffraction Incidents dus a des dlscontinuites le long de la bordure d'une piste sont dlminues le long de 
la longueur de la piste, et dans lequel la structure de surface en relief de chaque piste engendre une composante 
d une image de diffraction, telle qu'un premier groupe de pistes (11) engendre rune des images de diffraction, et 
un deux.eme groupe de pistes (12) entremektes avec le premier groupe engendre une deuxieme Image de dlf- 
.! J™ tesqueBes cha< 1 U9 lma 9 e comprend des regions dMi* mrjllfplicile de couteurs differentes et/ou 
d intensites differentes, 

2. Dispositrf de diffraction selon la revandicatlon 1 , dans lequel les pistes sont drortes et paralleles. 

3. Dis^sitiftediffratfcri^ 

4. Dlspositif de diffraction selon la revendicafjon 1 . dans lequel les pistes ont la forme de llgnes incurvees. 
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5. Dispositif de diffraction selon I'une quelconque des revindications 1 a 4. dans lequei sur certaines pistes (11) la 
surface de diffraction comprend une serte de rainures orientees generalement a travers la piste, et sur certaines 
pistes (12) la surface de diffraction comprend une serie de rainures orientees generalement te long de la piste. 

6. Dispositif de diffraction selon I'une quelconque, des revindications 1 a 5, qui inclut des pistes (10) possedant des 
rainures qui ondulent period iquement generalement dans le sens de la longueur des pistes. 

7. Dispositif de diffraction selon I'une quelconque des revendications 1 a 6, qui inclut des pistes (7) dont la surface 
de diffraction comprend des tlots (8) totalement englobes a rinterieur d'autres pistes (9). 

8. Dispositif de diffraction selon rune quelconque des revendications 1 a 7, qui inclut des regions ( 1 3) qui sont ma- 
trices ou imprimees par microecriture. 

9. Dispositif de diffraction salon I'une quelconque des revendications 1 a 8, qui inclut des pistes (14, 15) ayant des 
rainures de diffraction ou d'autres conformations (18) sur leur surface, qui varient en contlnu en termes d'orlenta- 
tion, de courbure et d'espacement le long de la piste, lesdites variations d'orientalion, de courbure et d'espacement 
etant les moyens grace auquel les informations d'image sont codecs a linterieiir des pistes. 

10. Dispositif de diffraction selon I'une quelconque des revendications 1 a 9, dans lequei una image engendree par 
le dispositif est une image uniforme, ou une image vierge qui peut etre codee avec des informations dlmage par - 
destruction physique ou modification de regions de la surface de diffraction sur des pistes choisies pour produire 
des regions corresponda'ntes qui presentent une reflexion diffuse. 

11. Dispositif de diffraction selon rune quelconque des revendications 1 a 10, dans lequei sur certaines. pistes la ., 
surface de diffraction comprend un motif de parallelogrammes (18) avec des orientations angulaires variables, en 
creux dans la surface de la piste. • 

12. Dispositif de diffraction selon I'une quelconque des revendlcalions 1 a 11, dans lequei des parties des surfaces : 
de diffraction sur certaines pistes sont devolues a la generation dlnformations d'image avec echelle de gris dans , 
te plan Image. , - .;■ ' , . •;-<•••••••..' 

13. Dispositif da diffraction selon rune quelcohque des revendications 1 a 12, dans lequei des parties des surfaces, 
de diffraction sur certaines pistes sont devolues a la generation d'effets de couleur dans le plan image. 

14. Dispositif de diffraction sebn-la revendicaSon 13, dans lequei les effets de couleur semblent se deplacer le long 
d'un trajet dans le plan image lorsque Ton fait basculerle dispositif autour d'un axe dans son propre plan. 

15. Dispositif de diffraction selon I'une quelconque des revendications 1 a 14. dans lequei les informations d'image 
dans une image engendree par le dispositif sont codees d'une maniere anatoglque te long de la longueur de 
certaines pistes, chaque piste engendrant une llgne de rimage, et tes lignes engendrees par ces pistes se com- 
binant pour former (Image. 

16. Dispositif de diffraction selon I'une quelconque des revendications 1 a 15. dans lequei les informations d'image. 
dans une image engendree par te dispositif sont codees d'une maniere numerique te tang de ia longueur de cer- 
taines pistes, chaque piste engendrant une llgne de rimage, et les lignes engendrees par ces pistes se combinant 
pour former rimage. 

17. Dispositif de diffraction selon I'une quelconque des revindications 1 a 16, dans lequei certaines pistes incluent 
des regions presentant une reflexion diffuse. 

1 8. Dispositif de diffraction selon I'une quelconque des revendications 1 a 1 7. dans lequei certaines des pistes induent 
des regions presentant une reflexion speculalre. 

19. Dispositif de diffraction selon I'une quelconque des revendications 1 a 18, dans lequei les variations d'orientation, 
de courbure et d'espacement peuvent etre decrites par des fonctions mathematiques a deux variables dans les- 
quelles le Hessian des derivees secondes est une exception non evanouissante le long de certaines lignes ca- 
racteristiques a Hnterieur de chaque piste. 
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